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Abstract 
In order to choose the right method to evaluate the 
user experience (UX) of products, several UX 
dimensions need to be taken into account. The choice 
of a method for evaluating these dimensions also 
depends on other factors such as development phase, 
time constraints or available expertise. We present an 
adapted method for qualitatively evaluating tangible 
user interface (TUI) prototypes based on three existing 
methods (the explicitation interview, Open Profiling of 
Quality and the Repertory Grid Technique), which can 
be used for evaluating physical characteristics of TUIs. 
Two case studies are presented which will be used to 
further refine and validate the adapted method. 
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Introduction 
The last decade has seen a shift in emphasis from 
usability towards user experience (UX) in both industry 
and academia, which has led to a central focus in 
product design on creating specific methods for 
evaluating UX. As each product is different, used in a 
specified context by specified users with specified goals 
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 [3], selecting the right method is crucial to ensure that 
the right user experience can be evaluated. Moreover, 
user experience is a very broad concept, encompassing 
different dimensions that can be evaluated (e.g. 
enjoyability, usability, engagement, etc.) [3]. An 
important step in selecting the right evaluation method 
is therefore choosing which dimensions are relevant for 
the product to be evaluated. However, when choosing a 
method there are other aspects that also need to be 
considered, such as the development phase, available 
time, or expertise of the researchers, which have an 
impact on the characteristics of the method. 
In this paper, we are interested in an evaluation 
method that can be used in the earlier phases of the 
design process, for iteratively designing and evaluating 
early prototypes of tangible user interfaces (TUIs). In 
this formative stage, evaluations are needed that can 
provide detailed qualitative information on how to 
improve the TUI prototypes in a short time frame. 
Although there are several evaluation methods for 
evaluating tangible user interfaces similar to those used 
for other user interfaces, so far no evaluation methods 
specific to TUIs have been developed [15]. While many 
of these methods, such as user testing, can easily be 
used to test various UX aspects, none of these focus on 
the ‘Tangible Magic’ [19] that TUIs should offer. The 
aim of this paper is therefore to take the first step in 
creating a qualitative method for iteratively evaluating 
the UX of tangible user interface prototypes. 
We start by discussing related work on user experience 
and its dimensions, as well as work on evaluating 
tangible interfaces. Then we present the adapted 
method, which is based on a combination of UX 
evaluation methods. In future work, we describe two 
case studies in which we will apply this adaptation of 
methods so we can report on the suitability for the 
purpose of our research. 
User Experience Dimensions 
Despite the growing interest in user experience (UX), it 
has been hard to gain a consensual definition of UX and 
which aspects it consists of [9,3]. A definition that 
seems to be getting some stronghold in the UX 
community is the ISO9241-210 definition [1], which 
defines user experience (UX) as “a person’s perceptions 
and responses that result from the use or anticipated 
use of a product, system or service”. This includes all 
the users’ emotions, beliefs, preferences, perceptions, 
physical and psychological responses, behaviors and 
accomplishments that occur before, during and after 
use. However, this definition is very broad, offering 
little concrete guidance on which aspects of UX should 
be evaluated. 
Several authors have tried to identify the different 
dimensions that UX encompasses. As there are a large 
number of different approaches, we will present here 
some recent papers that offer a synthesis of earlier 
work. Provost and Robert [13] present ten dimensions 
that can be used to characterize both positive and 
negative aspects of UX. Five aspects are related to the 
product itself (functional, usability, physical 
characteristics, informational and external 
characteristics), the other five aspects are related to its 
users (perceptual, cognitive, psychological, social and 
physical). Fuchsberger et al. [6] developed an approach 
for combining value- and user-centered design with 
factors (or dimensions) related to usability, user 
experience and user-acceptance, leading to the Values 
in Action (ViA) model. This model describes several 
 values, clustered in the following main categories: 
functional value (e.g. efficiency), social value (e.g. 
social image), emotional value (e.g. engagement), 
interpersonal value (e.g. social connectedness), 
epistemic value (e.g. learning) and conditional value 
(situational context). Although the model is quite 
extensive, covering many UX aspects also described by 
other authors, it is presented as an open approach 
explicitly stating that other factors or values might be 
appropriate for different projects or user groups [6]. 
Because of the increased focus on user experience, 
Bargas-Avila and Hornbaek [3] performed an integrated 
review of UX, looking for similarities within products, 
dimensions of experience, and methodologies across a 
systematically selected sample of 51 publications from 
2005-2009 representing a total of 66 empirical studies. 
They state that ‘which experiential dimensions to 
assess?’ still remains a key question in UX. The 
dimensions of UX that were most frequently assessed 
within the scope of studies were: ‘generic UX’, 
‘emotions and affect’, ‘enjoyment’, ‘aesthetics’, and 
‘hedonic quality’. In addition to this, several authors 
included in their review proposed new dimensions for 
understanding UX: enchantment, engagement, tangible 
magic, aesthetics of interaction, and relevance. Their 
general conclusion is that “although multidimensionality 
is a key tenet of UX, surprisingly few studies describe 
multiple aspects of UX and their interrelation”, [3] 
which is something we will have to address when 
evaluating the UX of tangible user interface prototypes. 
Moreover, there seems to be little agreement on 
universal UX dimensions, and they are different for 
each study [7]. While this could be partly contributed to 
a lack of consensus on what UX is, Gross & Bongartz 
emphasize that the type of product needs to be taken 
into account when evaluating the experience of a user 
with a product. They argue that the relevance of UX 
components differs between different product types [7]. 
Although this will also be the case for products with 
tangible user interfaces, we propose that a common 
focus is needed within the domain of tangible 
interfaces, related to the physical aspects of a product. 
UX Dimensions of Tangible User Interfaces 
As has become apparent in the previous paragraphs, 
some UX dimensions are of specific interest to tangible 
user interfaces. The ten dimensions of Provost and 
Robert listed above include physical characteristics of 
the product as well as the physical experiences of 
users, two dimensions that are of specific relevance for 
tangible interfaces and should be part of evaluating 
their user experience. Xu et al. [19] are even more 
specific and talk about a quality that is inherent in 
tangible interfaces called “tangible magic”, which they 
describe as a combination of the novelty of using 
objects for doing unexpected things and the pleasure 
we gain from handling physical objects. 
We argue that any evaluation method that will be used 
for evaluating tangible user interfaces should focus on 
this ‘tangible magic’, or the physical dimensions of the 
user experience. Of course, as mentioned earlier, 
multidimensionality is a key tenet of UX and in order to 
evaluate tangible user interfaces with users we do not 
only need a method that focuses on these physical 
components, but also evaluates other dimensions that 
are relevant for the user experience of a specific 
product. 
 Evaluating Physical UX Dimensions 
Now that we have defined the physical aspects of 
interaction as the common UX dimension for evaluating 
tangible user interfaces, we can identify the methods 
that are able to evaluate this dimension. As we stated 
at the start of this paper, we are interested in a method 
for iteratively evaluating prototypes in an early design 
phase, and thus would need a qualitative method that 
can be performed in a short time frame. 
Given the requirement for a qualitative approach we 
would need a method that allows users to talk about 
their physical experiences with the presented 
prototypes. Obrist et al. point out the limited ability of 
participants to verbalize their tactile experiences 
[4,12]. During an experiment with users they used the 
explicitation interview technique for stimulating verbal 
responses to different tactile stimuli, leading to 14 
categories of tactile experiences. However, the 
technique is not specifically used for evaluating UX. As 
a similar approach, but used for evaluation, Strohmeier 
et al. [16] present Open Profiling of Quality (OPQ) as a 
method for building a deeper understanding of 
subjective quality. This method consists of a 
combination of both quantitative and qualitative data 
gathering to construct a link between preferences and 
quality attributes by letting the participants develop 
their own attributes that characterize their quality 
perception of different stimuli (objects). The test 
procedure of the OPQ method contains four subtasks. 
First, an introductory task is given to help participants 
understand the nature of the descriptive evaluation 
task. The second task is meant to elicit attributes by 
means of the Free Choice Profiling Method [18], in 
which participants write down attributes of a product 
without limitations. Within the third task, participants 
are asked to refine their attributes by identifying the 
strongest ones, and create a scale for them labeled 
with “min” and “max”. Finally, in the fourth task, 
participants are presented with stimuli (products), 
which they have to assess by marking them on each 
attribute scale. As we’re only interested in the 
qualitative part, we will not discuss these steps in 
further detail. 
Another method that is used to elicit people’s 
experiences and meanings in relation to a product is 
the Repertory Grid Technique (RGT). Fallman et al. 
regard this technique as a methodological extension of 
Kelly’s Personal Construct Theory [2], which states that 
we tend to model everything around us according to a 
number of personal bipolar constructs. According to 
Kelly, a ‘construct’ is a single dimension of meaning for 
a person allowing two phenomena to be seen as similar 
and thereby different from a third [2]. The RGT uses an 
elicitation session in which users are presented with 
three objects at a time and asked to explain how they 
differ from each other, in order to generate these 
bipolar constructs. This is especially relevant for us as 
we could ask the participants to describe the 
differences between the various prototypes that are 
being designed in the early prototyping phase. 
Adapting the Methods 
By borrowing from different methods (the explicitation 
interview, Open Profiling of Quality and Repertory Grid 
Technique), we can create an adapted method that lets 
us evaluate the physical aspects of tangible interface 
prototypes in a qualitative way. When evaluating the 
case studies described below, we will present the users 
with various TUI prototypes. We will then elicit verbal 
responses by asking users to differentiate between the 
 products, with a focus on physical experiences in their 
own words. Using the resulting vocabulary, we will ask 
users to evaluate each of the prototypes on these 
aspects using rich, qualitative comments. This can 
inform the design of the next iteration of prototypes.  
Future work 
In order to validate and refine our adapted evaluation 
method, we will apply the method in two case studies 
where two different products are being designed. The 
common aspect however, is that they both have a 
tangible user interface. As argued in this paper, we will 
first have to identify the specific UX dimensions for 
each product, but the ‘tangible magic’ is already one 
that will need to be evaluated. In order to identify the 
appropriate dimensions for the different case studies, 
we conducted a workshop with 10 UX researchers. They 
were asked in a free-form exercise to write down as 
much general UX dimensions as they could think of. 
These were then merged with the UX dimensions 
identified from earlier studies [3,6,9,13,14,19]. After 
presenting each of the cases, we asked the UX 
researchers to match the relevant UX dimensions with 
each of the cases and to discuss how each of these 
dimensions could be evaluated. 
CASE 1: TANGIBLE INTERACTION WITH A TELEVISION 
With this case we aim to discover an innovative way to 
interact with television or radio by using everyday or 
new tangible objects. One example is using an 
electronic dice for playing along with a game show or 
for controlling the content. During the workshop the 
following UX dimensions were identified as important 
for this case: pragmatic aspects, sociability, emotional 
value, findability, frustration, tangible magic, and 
material aspects. 
CASE 2: SKWEEZEES 
The goal in this case study is to create a soft 
squeezable object (Skweezee [17]), that allows a 
remote tangible user experience. It is a soft and 
stretchy product filled with conductive wool and 
electrodes, able to recognize specific squeeze-patterns. 
Users can change the shape of the object in order to 
turn it into a specific input device. During the workshop 
the following UX dimensions were identified as 
important for this case: physical experience, 
responsiveness, material, usability, and pleasure. 
Although a very limited sample, the results from the 
discussion about relevant UX dimensions for both case 
studies show that tangible magic, material aspects and 
physical experiences are common traits of TUIs to be 
evaluated. Our next steps will consist of using our 
adapted method to address these aspects explicitly. 
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